The underlying neurobiological factors involved in sexual orientation are largely unknown. This study investigated whether neural circuits or different cognitive processes accounted for differences in brain activation in 14 heterosexual and 14 homosexual males. Brain scans were undertaken in each subject using functional magnetic resonance imaging while they viewed different sexual stimuli, i.e. heterosexual couple stimuli (HCS), gay couple stimuli (GCS), lesbian couple stimuli (LCS) and neutral stimuli (NS). Ratings of sexual attractiveness of the stimuli were assessed. Subjective sexual arousal was induced by HCS and GCS in heterosexual and homosexual men, respectively. Sexual disgust was induced by GCS and LCS in heterosexual and homosexual men, respectively. Compared with viewing NS, viewing sexual stimuli induced significantly different brain activations, most of which had the characteristics of cognitive processes. These observations suggest that different cognitive patterns may be the major cause of different subjective responses to sexual stimuli between heterosexual and homosexual men.
Introduction
The mechanism of sexual orientation has been related to numerous neurobiological factors, 1 including genetic factors, 2 hormonal factors, 3 neurophysiological factors, 4 pheromone responses 5 and hypothetical immunological factors. 6 The neurobiological processes of human behaviour underlying sexual orientation are largely unknown. This issue has received increasing interest over the last decade, including recent imaging studies that have measured cerebral activation in homosexual and heterosexual subjects. For example, positron emission tomography (PET) and magnetic resonance imaging (MRI) have shown differences in cerebral S-H Hu, Q-D Wang, Y Xu et al. Male sexuality-dependent brain responses asymmetry and functional connectivity between homosexual and heterosexual subjects. 7 Greater preference-related activity in the amygdala has been observed in homosexual men compared with heterosexual men during visual sexual arousal. 8 Ponseti et al. 9 proposed that an invariant response pattern in core regions of the human reward and motor system represents a functional endophenotype for sexual orientation independent of the gender of the observer and gender of the stimulus. In another paper, Ponseti et al. 10 found that the functional response patterns of the brain to sexual stimuli contained sufficient information to predict individual sexual orientation with high accuracy. These observations suggest that the patterns or circuits of the brain's response to sexual stimuli are different between homosexual and heterosexual men.
Interestingly, the brain response of heterosexual males to heterosexual stimuli was found to be comparable to that of homosexual males to homosexual stimuli. 11 Erotic stimuli corresponding to the individual's sexual orientation led to a brain activation pattern characteristic for sexual arousal, suggesting a uniform neurofunctional correlate for sexual arousal, independent of individual sexual orientation. 11 According to this hypothesis, the difference in response to preferred sexual stimulus between homosexual and heterosexual men is a cognitive process.
On the basis of the evidence from previous studies, functional MRI (fMRI) was used in the present study to examine the influence of sexual orientation on the brain's response to different sexual stimuli in homosexual and heterosexual men. The question 'What is the major cause of the expected differences in brain activation related to sexual stimuli?' was also addressed. In particular, the aim was to determine if different neural circuits are involved in sexual arousal in homosexual and heterosexual men, or whether different cognitive processes are associated with common neural circuits of sexual arousal.
Subjects and methods

SUBJECTS
Homosexual men who met the following specific criteria were recruited through advertisements on a university campus and in a homosexual club: (i) exclusively homosexual or predominantly homosexual, only incidentally heterosexual with regard to current sexual activity or fantasy (scoring 6 or 5, respectively, on the Kinsey Scale, 12 which ranges from 0 to 6); (ii) aged 18 -35 years; (iii) no history of any neurological or psychiatric disorder, substance abuse, sexual dysfunction, sex identity disorder, paraphilia, or sexual offences by a structured interview; and (iv) consistently right-handed.
Heterosexual men who met the following specific criteria were enrolled through advertisements on campus: (i) exclusively heterosexual or predominantly heterosexual, only incidentally homosexual (scores 0 or 1, respectively, on the Kinsey Scale); (ii) aged 18 -35 years; (iii) no history of any neurological or psychiatric disorder, substance abuse, sexual dysfunction, sex identity disorder, paraphilia, or sexual offences by a structured interview; and (iv) consistently right-handed.
Homosexual and heterosexual groups were comparable for age and level of personal education. All subjects gave informed consent to participate and the study was approved by the Ethics Committee of Zhejiang University (Hangzhou, China). All subjects were told in detail about the aim of the study and what was expected of them during the experiment.
VISUAL SEXUAL STIMULI
Subjects viewed four types of stimuli: Male sexuality-dependent brain responses heterosexual couples engaged in explicit sexual activity (HCS); male homosexual couples engaged in explicit sexual activity (GCS); female homosexual couples engaged in explicit sexual activity (LCS); and social interactions between males and females without sexual content (NS). Selection of these stimuli was conducted via anonymous ratings with three separate groups of heterosexual men, homosexual men and lesbian women. Only sexual stimuli rated as highly sexually attractive to each group were selected for application in the primary experiment and stimuli that were rated as weakly attractive were eliminated. Stimuli were presented via Presentation ® (Neurobehavioral Systems, Albany, CA, USA) in alternating 140-s blocks of four stimuli of each type; each stimulus was presented for 20 s followed by a fixation cross for 20 s. Two sessions were presented: each contained three blocks of each type, in a pseudorandom order.
Rating of sexual attractiveness was assessed immediately after each scan. All subjects were asked to identify which kind of emotional response was evoked by each stimulus. They were also asked to rate the level of sexual disgust or sexual arousal immediately, using the Self Assessment Manikin valence scale, 13 which ranges from 1 to 9. Specifically, the extent of the level of negative emotion was assessed by scores from 1 (extremely high) to 4 (extremely low), and the level of positive emotion was rated from 6 (extremely low) to 9 (extremely high). An absence of any emotional response to stimuli was given a score of 5. Detailed emotional types induced by stimuli were also described by all the subjects in the records.
MRI DATA ACQUISITION AND PROCESSING
The MRI scanning was performed on a 1.5 tesla scanner (GE Healthcare, Milwaukee, WI, USA). After acquisition of a highresolution T1-weighted anatomical scan, whole-brain echo-planar imaging (EPI) was then performed to measure regional changes in the blood oxygen level-dependent signal as an index of regional neuronal activity (repetition time 3000 ms; echo time 40 ms; flip angle 90°; 64 × 64 matrix; field of view 240 mm; 20 axial 5-mm slices).
STATISTICAL ANALYSES
Data pre-processing and statistical analyses were performed with SPM02 software (http://www.fil.ion.ucl.ac.uk/spm) running with Matlab (Math Works, Natick, MA, USA). The first four volumes were discarded to allow for T1 equilibration effects. Functional EPI volumes were realigned to the first volume and normalized to a standard EPI template of the Montreal Neurological Institute (3 mm × 3 mm × 3 mm voxels). 14 Images were smoothed with an isotropic Gaussian kernel with 8 mm full width at half maximum to reduce inter-subject differences in anatomy and to enable the application of Gaussian random-field theory. A general linear model was specified for individual fMRI time series using separate regressors for each trial type. Regression coefficients (parameter estimates) for all regressors were estimated in a subject-specific fixed-effects model. Contrasts between conditions produced statistical parametric maps for each subject of the t-statistic at each voxel. For the analysis of group-specific effects, single-subject contrast images were entered into a random-effects model based on a two-sample unpaired t-test, yielding statistical parametric maps. For the wholebrain analysis, thresholds for these summary statistical maps were applied using a voxelwise intensity threshold of P < 0.001 (uncorrected for multiple comparisons) with
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Male sexuality-dependent brain responses a spatial extent threshold of ≥ 5 contiguous voxels. For comparison between homosexual and heterosexual men to each sexual stimulus versus neutral stimuli contrast, P < 0.001 and ≥ 5 contiguous voxels were used. Activations were overlaid on a representative high-resolution structural T1weighted image from a single subject from the SPM02 software's canonical image set, co-registered to the Montreal Neurological Institute (MNI) space. All co-ordinates are reported in MNI space.
Results
A total of 14 homosexual men and 14 heterosexual men participated in the study. The two groups of men reported significantly different responses to each sexual stimulus. The HCS induced sexual arousal in homosexual and heterosexual men, resulting in mean ± SD scores on the Self Assessment Manikin valence scale 13 of 5.80 ± 0.77 and 7.85 ± 0.55, respectively (P < 0.001). The GCS induced sexual arousal in homosexual men and sexual disgust in heterosexual men, with mean scores of 8.20 ± 0.87 and 2.95 ± 1.32, respectively (P < 0.001). Responses of LCS-induced sexual disgust and in homosexual men and sexual arousal in heterosexual men resulted in mean scores of 3.35 ± 1.75 and 6.63 ± 1.45, respectively (P < 0.001). In intergroup analysis, GCS was more sexually attractive than HCS for homosexual men (P < 0.001), and HCS was more sexually attractive than LCS for heterosexual men (P < 0.05).
Following spatial pre-processing of the functional images, activation contrasts between conditions were estimated for each subject, yielding statistical parametric tstatistic maps. Group differences in activation were assessed using a secondlevel, mixed-effects t-test. The whole brain was examined for regions where differential activity surpassed a statistical threshold of P < 0.001 (uncorrected) and spanned ≥ 5 contiguous voxels.
The fMRI analysis showed that homosexual men had greater neural responses in the right subcallosal gyrus, left cerebellum, right anterior cingulate, right corpus callosum and right posterior cingulate than did heterosexual men to LCS versus NS (P ≤ 0.001; Fig. 1 , Table 1 ). In contrast, heterosexual men only showed greater activation in the left pons (P < 0.001; Fig. 2 , Table 1 ). In a comparison between neural responses to HCS versus NS, homosexual men had greater activations in the bilateral cerebellum (left and right), left occipital lobe, right subcallosal gyrus, right frontal lobe, right precentral gyrus, right superior temporal gyrus, right angular gyrus, right middle temporal gyrus, left temporal lobe, right lingual gyrus, left anterior cingulate, left medial frontal gyrus and left cingulate gyrus than did heterosexual men (P < 0.001; Fig. 3 , Table 2 ). Heterosexual men had greater neural responses in the right posterior cingulate, right postcentral gyrus, right cuneus and left cerebellum (P < 0.001; Fig. 3 , Table 2 ). Group differences were also evident when GCS versus NS contrast was examined. Some regions, such as the left inferior frontal gyrus, left middle occipital gyrus, left frontal lobe, right anterior cingulate, right medial frontal gyrus and right fusiform gyrus, were significantly more activated in homosexual men than in heterosexual men (P < 0.001; Fig. 4 , Table 3 ); the left precuneus was significantly more activated in the heterosexual group (P < 0.001; Table 3 ).
Discussion
The present study showed a significant difference in the stimuli for sexual attractiveness between homosexual and Male sexuality-dependent brain responses heterosexual men. GCS-and HCS-induced sexual arousal responses were rated as high and neutral, respectively, in the homosexual group. The LCS-induced response of disgust was rated at a modest/low level in the homosexual group. In contrast, the sexual arousal response levels were high and modest, respectively, for HCS and LCS in the heterosexual group, and the GCS-induced response of disgust was modest/low.
In this study, the three kinds of sexual stimuli presented to subjects contained different combinations of couples engaged in sexual activities. The above behavioural ratings suggest that it was not the mode of sexual intercourse (homosexual couples or heterosexual couples) but gender that had the major influence on the sexual attraction experienced by subjects. The data suggest that the male gender is the major objective of homosexual men during visually-induced sexual arousal, irrespective of whether the couples are homosexual or heterosexual. In contrast, the female gender is the predominant target for heterosexual men and not the mode of sexual behaviour. This phenomenon, in which the same sexual stimulus induces completely different responses in the two groups of men, suggests that cognitive processing must be involved in the brain's response to sexual stimuli in addition to the affective and automatic system. Thus, the different patterns of brain activation that are related to certain sexual stimuli between the two groups potentially showed a different pattern of cognitive processing or a different emotional response.
The LCS induced disgust in homosexual men and sexual arousal in heterosexual men. In response to LCS, homosexual men had greater activation in the right subcallosal gyrus, right anterior and posterior cingulate, right corpus callosum and left cerebellum. In contrast, greater Male sexuality-dependent brain responses activation in the left pons was found in heterosexual men. Activation clustered in the subcallosal region has previously been found in normal subjects when disgust or indignation were compared with the neutral condition. 15 The activated region in the anterior cingulate has been related to provoked sadness in normal subjects, and to depressive illness. 15 Witelson et al. 16 found that the isthmal area of the corpus callosum was larger in homosexual men and it has been suggested that sexual orientation is associated with callosal anatomy and, by inference, with cognition. Schmahmann 17 suggested that the cerebellum is an essential node in the distributed neural circuitry subserving cognitive functions. Also, activation in the cerebellum was found in normal subjects during taste of disgust relative to neutral tastes. 18 Many sites of the brain are considered candidates for supraspinal control of penile erection, including the pons, thalamus and limbic system. 19 Greater activation of the left pons in heterosexual men in the present study suggested that they might have experienced penile erection.
The level of response to HCS observed in the heterosexual group was significantly higher than that observed in the homosexual group. Compared with the homosexual group, the heterosexual group had greater activation in the right posterior cingulate, right postcentral gyrus, right cuneus and left cerebellum. Greater activity in the posterior cingulate and left cerebellum of men has been found in response to the preferred sexual stimuli versus the nonpreferred stimuli, irrespective of whether subjects were homosexual or heterosexual. 8 Cerebellar activation has been considered a fairly consistent aspect of the brain's response to visual sexual stimulus. 20 -23 Right postcentral gyrus activations confirm 3.22 P = 0.001 a In functional magnetic resonance imaging (fMRI) data analysis, statistical parameter maps show all the activation clusters related to stimuli. Thus, a cerebral region may have two or more activation clusters related to a fMRI task. Male sexuality-dependent brain responses PET findings, 23 which showed a positive correlation between a marker of subjective arousal and the level of penile tumescence and regional cerebral blood flow in the postcentral gyrus. Arnow et al. 24 also found a positive correlation between signal intensity in the right precentral gyrus and the magnitude of penile tumescence in response to visual sexual stimuli. Furthermore, activation in the right precentral gyrus is considered as evidence of the somatic marker theory. 25, 26 According to this theory, 26 emotional responses typically require attention to external sensory inputs and to changes in the representation of the bodily states. Because the level of sexual arousal of heterosexual men was significantly higher than that of homosexual men, it was difficult to identify which of the following possible reasons, i.e. different level of subjective arousal or different circuits of subjective arousal, could be attributed to the greater activations in these regions. Compared with the heterosexual group, the homosexual group had greater activation in the wider frontal-temporaloccipital region (right frontal lobe, left medial frontal gyrus, right middle and right superior temporal gyrus, left temporal lobe, left occipital lobe), left anterior cingulate, right subcallosal gyrus, right angular gyrus, right lingual gyrus and bilateral cerebellum in response to HCS. The medial prefrontal cortex (MPFC) may have a general role to play in emotional processing, as suggested by Lane et al. 27, 28 and Reiman et al. 29 who reported that emotional films, pictures and recall (as well as positive and negative emotion, happiness, sadness, disgust and a mixture of these emotions) all separately engaged the MPFC. The MPFC may also be involved in the cognitive aspects (e.g. attention to emotion, appraisal/ identification of emotion) of emotional Male sexuality-dependent brain responses processing. 30 Furthermore, the MPFC has been considered to interact with the anterior cingulate cortex to regulate interconnected cognitive and emotional tasks, depending on whether the cognitive component is implicit or explicit to that emotional response. 31 Mood-altering drugs, such as nicotine and cocaine, have been shown to activate the subcallosal gyrus, which is considered to be associated with incentive motivation. 32 Allowing for the lower level of sexual arousal of homosexual groups, greater activation of these regions indicates there is a difference in the neural circuits of sexual arousal between homosexual and heterosexual men.
Lastly, greater activations in the left inferior frontal gyrus, right medial frontal gyrus, right anterior cingulate, left middle occipital gyrus and right fusiform gyrus in response to GCS were found in the homosexual group. Only a greater activation in the left precuneus was found in heterosexual men. Obviously, GCS induced a different reaction in the homosexual and heterosexual groups, i.e. sexual arousal and sexual disgust, respectively. Kranz and Ishai 33 reported that activation of the inferior frontal gyrus in response to an attractive face stimulus was not influenced by sexual preference or stimulus gender. Similarly, the inferior frontal gyrus has been shown to be involved in the brain response of sexual arousal in homosexual men and homosexual paedophiles. 34 Park et al. 35 found that the brains of healthy heterosexual men were activated in the areas of the inferior frontal lobe and cingulate gyrus by erotic simulation. Clearly, the inferior frontal gyrus contributes to brain activation during sexual arousal, irrespective of whether the subjects are homosexual or heterosexual men. The dorsal anterior cingulate has been found to 3.8 P < 0.001 Male sexuality-dependent brain responses be associated with the awareness of one's own emotional experiences and may engage in attentional processing of emotional information. 36 We suggest that greater activation of the right anterior cingulate of homosexual men may reflect engagement in attentional processing of GCS. The left middle occipital gyrus and right fusiform gyrus of homosexual men have also been found to be activated by analysis of sexual block-neutral block contrast. 34 In contrast, the work of Mouras et al. 25 found that activations of brain processing of visual sexual stimuli in healthy heterosexual men included the left middle occipital gyrus. In addition, Ponseti et al. 9 found that preferred and nonpreferred sexual stimuli led to a lefthemispheric activation of the middle occipital gyrus, regardless of the sex of the stimulus and the sexual orientation of the subject. In the present study, peak activity in the left occipital cortex closely matched the stereotactic co-ordinates that have previously been reported for the extrastriate body area (EBA). 37 Astafiev et al. 37 suggested that the EBA can be conceptualized in the framework of the human visuomotor system by matching visual information about another's body parts on to one's own action representations. We suggest that the left middle occipital gyrus may play an important role in processing attractive sexual stimulus in healthy men, regardless of sexual orientation. It has been reported that acquired prosopagnosia often results from the right fusiform gyrus. 38 A converging neuropsychological and neuroimaging study suggested that the inferior temporal cortex, including the fusiform area, contributes to the perception of facial attractiveness by processing information that may be a relevant output for higher cognitive processing of attractiveness. 39 The GCS was considered an aversive stimulus by heterosexual men and induced cognitive and emotional processing of disgust. Activation in the precuneus has been found to be closely related to ratings of fear. 40 Borg et al. 41 found pathogen and socio-moral disgust activated common neural regions, including the precuneus. In the present study, greater activation in the precuneus in heterosexual men suggested that the brain's processing of disgust was engaged in response to GCS.
In conclusion, the present study suggests, that different erotic stimuli induced sexual arousal or sexual disgust in the two groups of men, based on their different sexual orientation. The results also demonstrate that the brain responses of homosexual men to different erotic stimuli were significantly different to those of heterosexual men. These findings may be an initial indication that homosexual men have different patterns of cognitive processing related to sexual stimuli compared with heterosexual men.
